data).
. Mint/X11 proteins were identified as proWe found that LET-23 staining is in the apical plasma membrane in let-23(sy1) mutants, similar to the staining teins that bind to the Munc18/syntaxin complex, which is involved in synaptic vesicle fusion mutants ( Figure 1A ). In contrast, LET-23 staining is observed in the basolateral hof, 1997).
In this report, we begin to elucidate the biochemical plasma membrane in wild-type animals. This result indicates that the last six amino acids of LET-23 are required mechanism for basolateral localization of LET-23 RTK by LIN-2, LIN-7, and LIN-10. We demonstrate that for basolateral membrane localization. Thus, the C terminus of LET-23 may be involved in a common mechabinds to LET-23 RTK in vivo and show that this binding is required for LET-23 basolateral localization and for nism for basolateral membrane localization along with LIN-2, LIN-7, and LIN-10. vulval induction. We also demonstrate that LIN-2 and LIN-10 form a protein complex with LIN-7, indicating that all three proteins play a direct role in basolateral
The PDZ Domain of LIN-7 Binds to the localization of LET-23 RTK. In addition, we have identi-C Terminus of LET-23 RTK fied mammalian Previous results showed that LIN-7 binds to LET-23 RTK and show that the binding interactions between mamin vitro, suggesting that LIN-7 plays a direct role in basomalian Lin2/CASK and mLin7A are conserved. Results lateral localization of LET-23 RTK (Simske et al., 1996) . from others reveal that mammalian Lin2/CASK binds In order to characterize the regions of these proteins to mammalian Lin10/Mint/X11, demonstrating that the that interact, we first defined the region of LIN-7 that Lin2/Lin7/Lin10 ternary complex is conserved in mambinds to LET-23 by fusing various regions of LIN-7 to mals (J.-P. Borg, personal communication; Butz et al., GST and testing them for binding to LET-23 in vitro. 1998 [this issue of Cell] ). These results provide a mechaEach GST:LIN-7 fusion protein, bound to glutathionenism for basolateral localization of the LET-23 RTK in agarose beads, was combined with an Sf9 cell lysate C. elegans vulval epithelia and indicate that a similar containing full-length LET-23 expressed from a baculomechanism may be involved in basolateral localization virus vector. After washing and eluting the proteins from of other transmembrane proteins in polarized epithelial the beads, LET-23 was detected by Western blotting cells of all animals.
using anti-LET-23 antibodies. We observed that a fusion protein containing only the PDZ domain of bound to LET-23. LET-23 bound to LIN-7 Results specifically, as it did not bind to the negative control GST:LIN-31 ( Figure 1C ).
The C Terminus of LET-23 RTK Is Required for Basolateral Membrane Localization
Type I PDZ domains (such as the LIN-7 PDZ domain) bind to type I consensus motifs (S/T-X-I/L/V) at the C The following genetic observations involving a unique let-23 allele, (sy1), suggest that the C terminus of LET-23 terminus of proteins (Songyang et al., 1997) . The C terminus of LET-23 contains a type I PDZ-binding motif is necessary for basolateral localization. This mutation generates a premature stop codon that removes the last (T-C-L), and we tested whether this C terminus binds to LIN-7 in vitro. We purified bacterially expressed hexasix amino acids of LET-23 (Aroian et al., 1994) and results in a phenotype that closely resembles that of lin-2, lin-7, histidine (6His) fusion proteins that contained either the C-terminal 196 or 50 amino acids of LET-23. Each and loss-of-function mutations in lin-2, lin-7, and lin-10 appear to affect 23 fusion protein was mixed with the LIN-7 PDZ domain (as a GST fusion protein bound to glutathione-agarose the activity of LET-23 RTK only in the vulval precursor cells, since they display a vulvaless phenotype but do beads), and levels of bound LET-23 were determined by Western blotting with anti-LET-23 antibodies. These not display phenotypes associated with defective LET-23 signaling in other cells (Aroian and Sternberg, 1991) . experiments showed that both LET-23 C termini fusion proteins bound LIN-7 ( Figures 1D and 1E ). This protein In contrast, strong let-23 reduction-of-function mutations cause lethality and disrupt several other developinteraction is specific, as neither LET-23 fusion protein bound the negative control GST:LIN-31. mental processes (such as formation of the vulva, the posterior ectoderm, the male tail, and oocyte fertilizaThis type I PDZ domain-binding site in LET-23 is important for basolateral receptor localization, since the tion) (Aroian and Sternberg, 1991) . Second, , and lin-10 mutants display an incompletely PDZ-binding motif is deleted and LET-23 is mislocalized in let-23(sy1) animals. To directly test whether these penetrant vulvaless phenotype (86%-95% of homozygous animals are vulvaless), whereas strong let-23 reamino acids of LET-23 are required for binding to LIN-7, we mixed either a wild-type LET-23 C terminus (amino duction-of-function mutations result in a completely penetrant vulvaless phenotype (Ferguson and Horvitz, acids 1127-1323) or a C terminus lacking the last six amino acids (amino acids 1127-1317) with the PDZ do-1985; Aroian and Sternberg, 1991) . One possibility is that the phenotype of let-23(sy1) animals is similar to main of LIN-7 (expressed as a GST fusion protein and bound to glutathione-agarose beads). Levels of LET-23 that of lin-2, lin-7, and lin-10 mutants because let-23(sy1) prevents localization of LET-23 to the basolateral membound to GST:LIN-7 PDZ domain were determined by Western blotting using anti-LET-23 antibodies. These brane domain.
To test this possibility, we analyzed the membrane results demonstrate that the LIN-7 PDZ domain binds to wild-type LET-23 but does not bind to the truncated localization of LET-23 in let-23(sy1) animals using anti-LET-23 antibodies in immunocytochemical experiments form, indicating that the last six amino acids of LET-23 are required for binding ( Figure 1E ). In summary, the to stain wild-type, let-23(sy1), and lin-7(null) animals. (sy1) heterozygotes. lin-7 activity is not required in animals expressing high levels of let-23 expression (Simske et al., 1996) , so we used low-copy type II let-23 extrachromosomal arrays that presumably express let-23 at low levels. n, number of animals scored.
above results show that binding between LIN-7 and the cells. If these compensatory mutations restore LIN-7 and LET-23 binding in vivo and if this binding is function-C terminus of LET-23 in vitro correlates with LET-23 basolateral membrane localization in vivo.
ally important for receptor localization, then these mutations should restore basolateral receptor localization and vulval induction.
Interactions between Compensatory Mutations in let-23 RTK and lin-7
We deduced an amino acid substitution in LIN-7 that could compensate for a change in LET-23 based on the We took a genetic approach to demonstrate conclusively that LIN-7 binds to LET-23 RTK in vulval precursor cocrystal structure of a type I PDZ domain bound to a peptide ligand (Cabral et al., 1996; Doyle et al., 1996) . cells and that this binding is functionally required for basolateral receptor localization and vulval induction.
This study revealed that a particular contact between the first residue of the ␣B helix in the PDZ domain (correFirst, we altered the C terminus of LET-23 so that it could not bind to LIN-7 and could not localize to the sponding to position 259 in LIN-7) and an amino acid in the Ϫ2 position of the peptide may regulate PDZ basolateral membrane domain of vulval precursor cells. We then made a compensatory change in LIN-7 that binding specificity ( Figure 2A ). PDZ domains have been categorized into at least two different types based on restores its ability to bind LET-23 in the vulval precursor results show that the type II amino acid substitutions in LIN-7 and LET-23 compensate for each other and permit allele-specific binding in vitro.
Next, if binding of LET-23 to LIN-7 is functionally important for basolateral localization, then LIN-7 of one type should direct LET-23 of the same type to the basolateral membrane (type I with type I or type II with type II), but not LET-23 of a different type (type I with type II or type II with type I). We generated transgenic animals that express all pairwise combinations of type I and type II LET-23 RTK and type I and type II LIN-7 and stained them with anti-LET-23 antibodies to determine whether LET-23 was present on the basolateral membrane do- pairwise combinations of type I and type II LIN-7 with type I and type II LET-23. In these experiments, both types of LIN-7 and type II LET-23 were expressed from their specificity for binding different peptide ligands an extrachromosomal array, whereas type I LET-23 was (Songyang et al., 1997) . In type I PDZ domains, the interexpressed from the chromosome. We observed that action is between a histidine in the PDZ domain (corretransgenic animals expressing type I LIN-7 with type sponding to position 259 in LIN-7) and a threonine or a I LET-23 showed high levels of vulval induction, that serine in the bound peptide. In type II PDZ domains, a transgenic animals expressing different types showed valine in the PDZ may interact with a tyrosine or phenyllow levels of vulval induction, and that transgenic anialanine in the bound peptide (Daniels et al., 1998) . For mals expressing both type II LIN-7 and type II LET-23 example, LIN-7 has a type I PDZ domain (His-259) that showed relatively high levels of vulval induction ( Figure  binds to the type I consensus sequence (T-C-L) at the 2D). These results provide compelling evidence that C terminus of LET-23, and p55 has a type II PDZ domain LIN-7 binds to LET-23 in vulval precursor cells and that (p55 contains a valine at the first residue of the ␣␤ helix) this binding is functionally important for basolateral rethat binds to a type II consensus sequence (Y-F-I) at ceptor localization and vulval induction. the C terminus of glycophorin C .
To generate compensatory mutations in LIN-7 and LIN-2, LIN-7, and LIN-10 Interact in the Yeast LET-23, we replaced His with Val at position 259 of LIN-7 Two-Hybrid System to change the binding specificity from a type I to a type In addition to lin-7, two other genes (lin-2 and lin-10) II PDZ domain (we refer to this as type II LIN-7). Likewise, are genetically required for basolateral localization of we replaced the last three amino acids of the type I C LET-23 RTK (Simske et al., 1996 ; C. W. W., unpublished terminus in LET-23 (T-C-L) with those of the type II C data). One possibility is that LIN-2 and LIN-10 function terminus from glycophorin C (Y-F-I) (we refer to this as with LIN-7 as a protein complex that binds LET-23 RTK. type II LET-23).
We tested this possibility using the yeast two-hybrid Initially, we wished to show that the amino acid substisystem and discovered interactions between LIN-7 and tution altered the specificity of binding in vitro. We puri-LIN-2 and between LIN-2 and LIN-10 ( Figure 3 ). We did fied type I and type II LIN-7 PDZ domains as GST fusion not observe any other yeast two-hybrid interactions; proteins coupled to glutathione-agarose beads. Then, specifically, LET-23 did not interact with LIN-2 or LINwe incubated the LIN-7 PDZ domains with purified 6His 10 and LIN-7 did not interact with LIN-10. fusion proteins containing either the type I or type II C termini of LET-23. After Western blotting with anti-LET-23 antibodies, we observed that the type I LIN-7 PDZ Coimmunoprecipitation of LIN-2, LIN-7, and LIN-10 from S2 Cells domain could bind strongly to the type I LET-23 C terminus but weakly to the type II C terminus. Furthermore, In order to investigate LIN-2, LIN-7, and LIN-10 binding interactions in vivo, we expressed these proteins the type II LIN-7 PDZ domain bound to the type II but not to the type I LET-23 C terminus ( Figure 2B ). These in heterologous Drosophila Schneider (S2) cells and was incubated with the GST:LIN-7 fusion proteins bound to glutathione-agarose beads. Levels of bound LIN-2 were detected by Western blotting using anti-LIN-2 antibodies. Amino acids 109-295 of LIN-7 could bind LIN-2, but amino acids 126-295 or the PDZ domain of LIN-7 could not bind LIN-2 ( Figure 5A ). Since the LIN-7 PDZ domain fusion protein is functional and binds LET-23, we infer from this data that LIN-2 binds to a region of LIN-7 N-terminal to the PDZ domain.
LIN-2, LIN-7, and LET-23 Can Bind Simultaneously in a Yeast Three-Hybrid System
Our results suggest that LIN-7 has two distinct binding sites, since the PDZ domain of LIN-7 binds to LET-23 RTK and, presumably, a region N-terminal to the PDZ of LIN-7 binds to LIN-2. To show that LET-23 and LIN-2 bind simultaneously to two distinct sites in LIN-7, we employed a yeast three-hybrid system. In the yeast three-hybrid system, we expressed a third protein (LIN-7) in combination with the bait (LET-23) and prey (LIN-2) fusion proteins. LIN-2 and LET-23 do not interact in the yeast two-hybrid system, but an interaction was can bind simultaneously to distinct sites of LIN-7.
Defining the Regions of LIN-2 that Bind performed coimmunoprecipitation studies. Cell lysates
to LIN-7 and to LIN-10 were made from a stable S2 cell line that expresses
To map the region of LIN-2 that binds LIN-7, we first LIN-2, LIN-7, and LIN-10, and LIN-7 was immunoprecipiexpressed different portions of LIN-2 as 6His fusion protated with anti-LIN-7 antibodies or with preimmune sera teins and determined whether they could bind to LIN-7 as a negative control. We found that LIN-2 specifically in vitro. These experiments showed that amino acids coimmunoprecipitated with LIN-7 by immunoblotting 298-542 of LIN-2 could bind to LIN-7 ( Figure 5B ). Next, with anti-LIN-2 antibodies (Figure 4, lanes 3 and 7) . In we found that a LIN-2 fragment containing amino acids a similar manner, we immunoprecipitated LIN-10 from 428-961 coimmunoprecipitates with LIN-7 from S2 cell the S2 cell extract with anti-LIN-10 antibodies and oblysates ( Figure 5C ). The combination of these in vitro served that LIN-2 was able to coimmunoprecipitate speand in vivo results indicate that a region between the cifically with LIN-10 ( Figure 4, lane 1) . These results CaM kinase/calmodulin-binding domain and the PDZ indicate that LIN-7 binds to LIN-2 and that LIN-2 binds domain of LIN-2 (amino acids 428-542) binds to LIN-7. to LIN-10 in vivo.
Finally, we used the yeast two-hybrid system to map To determine whether LIN-7 and LIN-10 can simultathe regions of LIN-2 and LIN-10 that bind one another. neously bind to LIN-2 to form a ternary complex, we
We found that the N terminus of LIN-2 (amino acids immunoprecipitated the complex with anti-LIN-10 anti-1-643) interacts with LIN-10 ( Figure 3 ). LIN-2 fragments bodies. We observed that LIN-7 was present in the lacking the CaM kinase domain were unable to bind complex by Western blotting with anti-LIN-7 antibodies LIN-10 but were able to bind LIN-7; specifically, amino (Figure 4, lane 1) . Furthermore, this coimmunoprecipitaacids 254-615 of LIN-2 failed to interact with LIN-10 in tion was dependent on LIN-2 acting as an adaptor, as the yeast two-hybrid system, and amino acids 247-961 LIN-7 did not coimmunoprecipitate with LIN-10 in cells of LIN-2 did not coimmunoprecipitate with LIN-10 from that express a truncated form of LIN-2 that does not S2 cells (Figures 3 and 4) . Thus, LIN-10 likely binds to bind LIN-10 (Figure 4, lane 5) . These results indicate a region in the N-terminal 247 amino acids of LIN-2 that that LIN-2, LIN-7, and LIN-10 can form a ternary complex contains the CaM kinase domain. We also found that in vivo.
the N terminus of LIN-10 (amino acids 1-581) interacts with LIN-2 in the yeast two-hybrid system (Figure 3) .
Identification of the Region of LIN-7 that Binds LIN-2
Mammalian LIN-2, LIN-7, and LIN-10 Form We delineated the region of LIN-7 that binds to LIN-2 a Protein Complex by generating a series of LIN-7 fusion proteins that conPrevious work showed that mammalian CASK and Mint/ tained successively larger N-terminal truncations. A X11 are highly similar to worm LIN-2 and LIN-10, respectively (Hata et al., 1996; Okamoto and Sudhof, 1997; Cos7 cell lysate containing LIN-2 (amino acids 247-961) Figure 5 . Delineation of the Region of LIN-2 that Binds to Top gels show levels of bound LIN-2 or human Lin2/CASK protein using immunoblotting with either anti-LIN-2 or anti-6His antibodies. Bottom gels are loading controls showing levels of GST fusion proteins, using anti-GST antibodies. Amino acids present in fusion proteins are shown. Ten percent of total protein present in the cell extract is shown. (A) Cos7 cell lysate containing LIN-2 (amino acids 247-961) was incubated with purified GST:LIN-7 fusion proteins bound to glutathioneagarose beads. (B) Purified 6His:LIN-2 fusion proteins were incubated with purified GST:LIN-7 fusion proteins coupled to glutathione-agarose beads. (C) N-terminally truncated LIN-2 proteins were analyzed for their ability to coimmunoprecipitate with LIN-7 or preimmune sera (p.i.) in S2 cell lysates. (D) Human Lin2/CASK binds to mouse Lin7 in vitro. Purified 6His:human Lin2/CASK was incubated with purified GST:mouse Lin7 fusion proteins coupled to glutathione-agarose beads. Cohen et al., 1998) . Here, we report three mammalian Work from others demonstrates that mammalian Lin2/ genes that are highly similar to worm lin-7. Public data-CASK binds to mammalian Lin10/Mint/X11 (J.-P. Borg, bases of cDNA clones currently contain three mouse personal communication; Butz et al., 1998) . Together clones predicted to encode proteins similar to worm with our results, these data indicate that Lin2/CASK, LIN-7 (I.M.A.G.E. clones 391220, 870825, and 779032), mLIN-7, and Lin10/Mint/X11 form a ternary protein comand we named these proteins mLin7A (amino acid seplex in mammals. The high degree of amino acid sequence is 73% identical to worm LIN-7), mLin7B (73% quence conservation, the conserved protein interacidentical), and mLin7C (63% identical), respectively. tions, and the clear role in basolateral localization in We tested whether the protein interaction between worms indicates that the mammalian Lin2/Lin7/Lin10 LIN-2 and LIN-7 is conserved in mammals by analyzing ternary complex may play a role in basolateral localizawhether human Lin2/CASK binds to mouse Lin7A. We tion of transmembrane proteins in polarized epithelial purified human Lin2/CASK as a hexahistidine fusion procells. tein and incubated it with mouse GST:Lin7A fusion proteins bound to glutathione-agarose beads. We deterDiscussion mined the levels of bound human Lin2/CASK using Western blots with anti-6His antibodies. This experiment lin-2, lin-7, and lin-10 are required for basolateral localshowed that human Lin2/CASK binds to full-length ization of LET-23 RTK, since mutations in lin-2, lin-7, or mouse Lin7A, but not to the PDZ domain ( Figure 5D ).
lin-10 result in mislocalization of LET-23 RTK to the Furthermore, we found that human Lin2/CASK could apical membrane domain and cause a vulvaless phenobind to worm LIN-7 in vitro. These results demonstrate type. Our work suggests that the mechanism of basolatthat the binding interaction between LIN-2 and LIN-7 is eral localization of LET-23 RTK involves formation of a conserved, not only between mammalian homologs, but LIN-2/LIN-7/LIN-10 ternary complex that directly binds also between proteins derived from animals as distantly related as mammals and worms.
to the C terminus of LET-23 RTK (Figure 6 ). In this protein Thus, the protein-protein interactions in this complex are conserved from worms to mammals, strongly supporting the idea that these protein interactions are functionally important. Our work in C. elegans clearly shows that this complex functions in basolateral localization of a transmembrane protein, indicating that this complex may have a similar function in mammalian polarized epithelia. Interestingly, the human EGF receptor (HER-4) contains a type I PDZ-binding site, yet we were unable to detect binding between HER-4 and mLin7A (data not shown).
There are likely to be additional proteins not yet identified that bind to the LIN-2/LIN-7/LIN-10 protein complex in C. elegans, since LIN-2 and LIN-10 can potentially bind other proteins via their SH3, PDZ, and PTB domains. These domains may bind to proteins that localize the LIN-2/LIN-7/LIN-10 complex within the cell or that regulate the function of this complex in receptor local- lin-2, lin-7, and lin-10 do not have a general role in the organization of the polarized cytoarchitecture of vulval precursor cells, but rather seem to be involved in the complex, LIN-10 binds to LIN-2, LIN-2 binds to LIN-7, basolateral localization of LET-23 RTK specifically. In and LIN-7 binds to LET-23 RTK.
lin-2, lin-7, or lin-10 mutants, the cell junctions are intact A combination of genetic and biochemical data (as determined by staining with the MH27 cell junctional strongly support the model presented in Figure 6 . First, marker) and there are no obvious defects in the basal expression of lin-2, lin-7, lin-10, and let-23 are required basement membrane or the apical cuticle (as deterin the vulval precursor cells for vulval development (Simmined by observation using Nomarski optics). These ske and Kim, 1995; Hoskins et al., 1996; observations suggest that the apical and basolateral 1996; C. W. W., unpublished data), indicating that LIN-2, membrane compartments of the vulval precursor cells LIN-7, LIN-10, and LET-23 RTK are each present to form in lin-2, lin-7, and lin-10 mutants remain functionally a protein complex in the vulval precursor cells during distinct, since components of the extracellular matrix vulval induction. Second, the sy1 mutation in let-23 (that are basolaterally secreted and components of the cutideletes the LIN-7-binding site on LET-23) or mutations cle are apically secreted. Thus, basolateral targeting and that eliminate lin-2, lin-7, or lin-10 activity each cause secretion of proteins other than LET-23 occurs correctly mislocalization of LET-23 RTK and result in a highly in lin-2, lin-7, and lin-10 mutants, indicating that they penetrant vulvaless phenotype (Aroian et al., 1994) .
are targeted by a different biochemical mechanism than These results indicate that these genes and this binding the one studied here. Sequence comparisons of basolatsite have a similar or identical cellular function. Third, eral targeting signals from different mammalian proteins LIN-2, LIN-7, and LET-23 can directly bind to each other reveal that there are several types of sequence motifs, in vitro, and LIN-2, LIN-7, and LIN-10 coimmunoprecipiimplying that there are multiple basolateral targeting tate when expressed in S2 cells in vivo.
mechanisms employing different trans-acting proteins Fourth, we altered the C terminus of LET-23 so that that can bind to these sequences (reviewed in Mellman, it could not bind to wild-type LIN-7 and then altered 1995). LIN-7 with a compensatory mutation that restored LETWhen the LIN-2/LIN-7/LIN-10 protein complex is de-23 binding in vitro. We showed that these compensatory fective, it is interesting that LET-23 RTK becomes mutations in let-23 and lin-7 exhibit allele-specific supapical rather than diffusely expressed over the entire pression of both the apical receptor mislocalization and plasma membrane. Individual transmembrane proteins the vulvaless phenotypes. These results provide commay have apical targeting signals, such as N-linked pelling evidence that LIN-7 directly binds to LET-23 RTK glycosylation, as well as basolateral sorting signals in vulval precursor cells and that this binding is function- (Scheiffele et al., 1995) . In several cases, the basolatally required for basolateral distribution of LET-23 and eral sorting signal appears to be dominant so that the vulval signaling.
transmembrane protein is predominantly basolateral, Finally, worm LIN-2, LIN-7, and LIN-10 are highly simibut becomes predominantly apical when the basolateral lar to mammalian Lin2/CASK, mLin7 proteins, and Mint/ sorting sequence is mutated or deleted (Matter and Mell-X11 proteins, respectively. The mammalian proteins also man, 1994). In a similar manner, LET-23 RTK may also form a ternary complex in which Lin10/Mint1/X11␣ binds have an apical targeting motif that functions in the abto Lin2/CASK and Lin2/CASK binds to mLin7 (Figure 5 ; J.-P. Borg, personal communication; Butz et al., 1998) .
sence of basolateral targeting by LIN-2/LIN-7/LIN-10. (Mays et al., 1995) . 1992). Polarized epithelial cells localize distinct transmembrane proteins to either the apical or basolateral A similar model may account for synaptic localization of neurotransmitter receptors. Lin2/CASK binds to membrane domains, and neurons localize proteins required for synaptic transmission to pre-and postsynapneurexin 1b and PSD-95 binds to neuroligins (Hata et al., 1996; Irie et al., 1997) . Neurexins are neuronal transtic sites. Transmembrane proteins that are localized to the basolateral membranes in epithelia are localized to membrane proteins present at presynaptic sites that form intercellular junctions by binding to neuroligins at the dendrites when expressed in neurons, suggesting that similar machinery may be used to localize these postsynaptic sites (Nguyen and Sudhof, 1997) . Immunogold electron microscopy revealed that Lin2/CASK is proteins to distinct membrane compartments in these two cell types (Dotti and Simons, 1990 ; Jareb and present at both presynaptic and postsynaptic sites (Hsueh et al., 1998) . These binding interactions may anBanker, 1998).
Our work and recent work from others illustrate that chor Lin2/CASK (as well as mLin7 and Lin10/Mint/X11) to presynaptic sites and PSD-95 to postsynaptic sites. the LIN-2/LIN-7/LIN-10 complex may be used for localizing transmembrane proteins to specific sites of the Once anchored, the LIN-2/LIN-7/LIN-10 protein complex or PSD-95 could cluster or retain neurotransmitter plasma membrane in both neurons and epithelia. First, LIN-10 localizes the glutamate receptor GLR-1 to neureceptors at the synapse. It has been proposed that Dlg acts to cluster or selectively retain the Shaker K ϩ ronal synapses in C. elegans. In lin-10 mutants, GLR-1 is not localized to the synapses, and the animals are channel at neuromuscular synapses in Drosophila (Zito et al., 1997) . touch insensitive (indicative of a defect in glr-1 function) (Rongo et al., 1998 [this issue of Cell] ). Second, DiscsAnother possible model is that LIN-2/LIN-7/LIN-10 could function in polarized secretion and could target large (Dlg) and PSD-95 are two MAGUKs related to LIN-2, and both have been implicated in localizing or transmembrane proteins for the basolateral membrane domain of epithelia or to the synapses of neurons. Mamclustering of neurotransmitter receptors at synapses (reviewed in Sheng, 1996; Zito et al., 1997) . Third, mammamalian Lin10/Mints bind to the Munc18/syntaxin 1 protein complex, which is involved in regulating secretory lian Lin2/CASK, mLin7, and mammalian Lin10/Mint/X11 are expressed in neurons and form a ternary protein vesicle docking and fusion (Okamoto and Sudhof, 1997) . Although the function of this protein-protein interaction complex (Butz et al., 1998; J.-P. Borg, personal communication) . This result suggests that this protein complex is not known, Lin10/Mints could possibly specify which proteins are sorted to basolateral secretory vesicles or may function in receptor localization in neurons, as it does in epithelia. In summary, there appears to be a they could be involved in the docking and fusion of secretory vesicles with the basolateral plasma memcommon mechanism of receptor localization in neurons and epithelia that involves LIN-10, MAGUKs (such as brane. LIN-2, DlgA, and PSD-95), and possibly LIN-7 as well.
Experimental Procedures
Furthermore, this mechanism of protein targeting has been conserved from worms to mammals.
General Methods and Strains
Standard methods were used to culture C. elegans (variety Bristol strain N2) at 20ЊC (Wood, 1988 (Aroian and Sternberg, 1991) and lin-7(e1449) (Ferguson and Horvitz, 1985) ; LGV, him-5(e1490) (Wood, 1988) .
How might the LIN-2/LIN-7/LIN-10 complex localize transmembrane proteins in polarized cells? One possi-
